The hippocampal slice preparation was used to classify cholinergic effects in terms of muscarinic receptor subtypes (M, or M,) and biochemical effector systems linked to these effects in CA, pyramidal cells. Based on the action of the M, antagonist pirenzepine and the M, antagonist gallamine, the muscarinic-induced membrane depolarization and blockade of the afterhyperpolarization appear to result from activation of an M, receptor, while the cholinergic depression of the EPSP and the blockade of a potassium current termed the M-current appears to involve the activation of an M, receptor. All of the muscarinic actions could be observed in pertussis toxin-treated hippocampi, suggesting that a pertussis toxinsensitive G-protein is not involved in these actions. Cholinergic agents that are weak agonists of phosphoinositide (PI) turnover are fully effective in all of the muscarinic actions except the blockade of the M-current, on which they had little agonist activity and actually blocked the action of full agonists. These results strongly suggest that the blockade of the M-current may involve stimulation of PI turnover. In addition, we show that the blockade of the M-current is mimicked by intracellular application of inositol trisphosphate. Our results do not show any obvious relationship between the muscarinic receptor subtypes and the biochemical effector systems.
The hippocampal slice preparation was used to classify cholinergic effects in terms of muscarinic receptor subtypes (M, or M,) and biochemical effector systems linked to these effects in CA, pyramidal cells. Based on the action of the M, antagonist pirenzepine and the M, antagonist gallamine, the muscarinic-induced membrane depolarization and blockade of the afterhyperpolarization appear to result from activation of an M, receptor, while the cholinergic depression of the EPSP and the blockade of a potassium current termed the M-current appears to involve the activation of an M, receptor. All of the muscarinic actions could be observed in pertussis toxin-treated hippocampi, suggesting that a pertussis toxinsensitive G-protein is not involved in these actions. Cholinergic agents that are weak agonists of phosphoinositide (PI) turnover are fully effective in all of the muscarinic actions except the blockade of the M-current, on which they had little agonist activity and actually blocked the action of full agonists. These results strongly suggest that the blockade of the M-current may involve stimulation of PI turnover. In addition, we show that the blockade of the M-current is mimicked by intracellular application of inositol trisphosphate. Our results do not show any obvious relationship between the muscarinic receptor subtypes and the biochemical effector systems.
Muscarinic receptors have been shown to evoke a wide variety of responses in different tissues, suggesting that a number of muscarinic receptor subtypes might exist. This conclusion is strongly supported by recent results with molecular cloning, which have identified at least 4 functional muscarinic receptor clones (Bonner et al., 1987) . Pharmacological studies have been less successful at defining muscarinic receptor subtypes. However, based on the relative sensitivity of muscarinic responses to pirenzepine, receptors have been subdivided into M, and M, types, the M, subtype being approximately loo-fold more sensitive to the antagonist (Hammer et al., 1980) . Moreover, gallamine has been found to bind with high affinity to the M, receptor subtypes in rat brain (Burke, 1986) . Electrophysiolog-ical studies in the CNS on the classification of muscarinic responses have focused primarily on the M,/M, classification. M, receptors appear to be involved in the depolarization of pyramidal neurons of cortex (McCormick and Prince, 1985) and hippocampus (Muller and Misgeld, 1986) . M, receptors appear to be involved in the activation of cortical interneurons (McCormick and Prince, 1985) and locus coeruleus neurons (Egan and North, 1985) and also in hyperpolarizing responses induced by cholinergic agonists (Egan and North, 1986; McCormick and Prince, 1986) . The muscarinic blockade of the afterhyperpolarization (AHP) that follows a series of action potentials may involve an M, receptor (Muller and Misgeld, 1986; Constanti and Sim, 1987b) , although some evidence implicates an M, receptor (Cole and Nicoll, 1984) .
Another approach that has been used to classify muscarinic responses is to determine the mechanism involved in the coupling of the receptor to the response. For instance, pertussis toxin (PTX) has been used to demonstrate that some muscarinic responses require a PTX-sensitive GTP-binding protein (Breitwieser and Szabo, 1985; Pfaffinger et al., 1985; Dascal et al., 1986 ). In addition, biochemical studies on phosphoinositide (PI) turnover have revealed that in the brain muscarinic agonists can be divided into 2 groups, those that are full agonists at stimulating PI turnover and those that are weak partial agonists (Fisher et al., 1983 (Fisher et al., , 1984 Jacobson et al., 1985) . However, studies attempting to demonstrate the involvement of M, or M, receptor subtypes in PI turnover remain controversial (see Eglen and Whiting, 1986) .
In the present study we have used a variety of approaches to characterize the various muscarinic responses that can be recorded from CA, hippocampal pyramidal cells.
Materials
and Methods The methods used in this paper are similar to those used in other studies from this laboratory (Nicoll and Alger, 198 1) . Rat hippocampal slices, 400 pm thick, were cut and placed in a holding chamber for at least 1 hr. A single slice was then transferred to the recording chamber and held between 2 nylon nets, submerged beneath a continuously superfusing medium that had been pregassed with 95% 0, and 5% CO,. The composition of the medium was (mM): NaCl, 119; KCl, 2.5; MgSO,, 1.3; CaCl,, 2.5; NaH,PO,, 1.0; NaHCO,, 26.2; glucose, 11. The temperature of the medium was maintained between 29 and 3 1°C.
Drugs applied by addition to the superfusion medium included 5-HT, the cholinergic agonists carbachol, oxotremorine, pilocarpine, arecoline (all from Sigma), oxotremorine-M (gift from Bayer); the cholinergic antagonists gallamine, atropine (Sigma), pirenzepine (gift from Boehringer Ingelheim); the phorbol esters phorbol 12,13 dibutyrate (PDBu), phorboll2,13 diacetate (PDA) (Sigma), and baclofen (Ciba-Geigy). Drugs applied intracellularly by diffusion from the recording electrode included D-myoinositol 1,3,5-trisphosphate (IP,) and calcium chelators ethylene- depolarizing current pulse at a fast chart speed and, below, the EPSP induced by stimulation of stratum radiatum. The chart speed is then reduced and constant current hyperpolarizing pulses are applied at 0.3 Hz. Carbachol (Curb 1 PM) applied by superfusion in the bath during the time indicated by the bar induces a strong depolarization associated with an increase in input resistance [as shown by repolarizing the membrane potential to the control value (-&.)I, blockade of the AHP, and depression of the EPSP. These effects recover after washing carbachol from the bath. The EPSP recorded in carbachol is superimposed on the trace recorded after washing. B, Gallamine is applied for 10 min before starting carbachol application. It failed to antagonize the depolarization and the blockade of the AHP. In contrast, the depression of the EPSP is antagonized. Membrane potential, -66 mV. The voltage and time calibrations in A also apply to B.
glycol-bis @-aminoethylether) N,N,N1,N1-tetraacetic acid (EGTA) and (1,2-his(o)-aminophenoxy) ethane-N,N,N*,N1-tetraacetic acid (BAPTA) (all from Sigma).
Conventional intracellular recordings from CA, pyramidal cells were obtained using glass micropipettes, filled with 2 M potassium methylsulfate and having resistances of 80-l 50 MQ. Excitatory and inhibitory postsynaptic potentials (EPSP and IPSP) were induced using bipolar stimulating electrodes positioned in the stratum radiatum to activate Schaffer collaterabcommissural fibers. When recording EPSPs, the cell was hyperpolarized to -75 to -85 mV to prevent contamination of EPSPs with action potentials. These synaptic events were stored on a Nicolet 4094 digital oscilloscope and plotted on a Hewlett-Packard 7470A digital plotter. To record the M-current, a single-electrode voltage-clamp (Axoclamp 2, Axon Instruments) was used. Electrodes were filled with 3 M potassium chloride (resistance, , and the tips were coated with M-coat D (Measurements Group) to reduce electrode capacitance. These experiments were performed with TTX (CalBiochem) in the bath to block the generation of spontaneous IPSP currents. The headstage voltage was continuously monitored during the experiments, and the switching frequency was between 3 and 5 kHz, depending on the characteristics of the electrode employed.
In PTX (List Biological Laboratories) experiments, PTX was injected into the cerebral ventricle in 14 rats (1.5 pg in 8 and 2.5 pg in 6) using a stereotaxic approach (Andrade et al., 1986) . Hippocampal slices from these rats were recorded 3 d after the injection.
Results
We have studied 4 classes of cholinergic responses in hippocampal cells.
(1) The long-duration depolarization observed with low concentrations of agonist, which is associated with actionpotential discharge and an increase in input resistance. This effect of cholinergic agonists is known to be due to a decrease in a potassium conductance (Benardo and Prince, 1982; Madison et al., 1987) . (2) The blockade of AHP that follows a series of action potentials and is due to an increase in a calciumdependent potassium conductance (Benardo and Prince, 1982; Cole and Nicoll, 1984) . (3) The blockade of a voltage-and timedependent potassium current, called the M-current, originally described in bullfrog sympathetic ganglion cells (Brown and Adams, 1980) and more recently in rat hippocampus (Halliwell and Adams, 1982) . (4) Finally, the depression of synaptic events triggered by electrical stimulation of afferents to the CA, pyramidal cells (Shaffer collaterals).
These synaptic events are composed of an EPSP followed by an IPSP. Cholinergic agonists, acting at a presynaptic level, are able to reduce the amplitude of the EPSP (presynaptic inhibition; Hounsgaard, 1978) . carinic responses. The depolarization, blockade of the AHP, and depression of the EPSP were all antagonized to a similar extent by pirenzepine at 1 PM (Fig. 2 , Table 1 ). The depression of the EPSP was less sensitive to pirenzepine in some cells, as shown in Figure 2 for 0.3 KM pirenzepine. The M-current was also less sensitive, but this could be due to the higher concentration of carbachol needed for this response (Fig. 3) .
Thus, we were unable to clearly differentiate the various responses with pirenzepine. However, gallamine, an M, antagonist (see Potter et al., 1984) , did permit differentiation of the effects. Gallamine (20 PM) had a very weak effect in antagonizing carbachol-induced depolarization (n = 6) and blockade of the AHP (n = 11); (see Table 1 and Fig. 1 ). In contrast, at this concentration, gallamine was able to produce a strong antagonism of the depression of the EPSP (Table 1 , Fig. 1 ). Likewise, a neartotal antagonism of the depression of ZM was observed in 12 out of 13 cells (Fig. 3 , Table 1 ). Finally, atropine (1 PM) a nonselective antagonist, was able to produce a very strong and longduration antagonism of the 4 effects (,n = 4).
The results using gallamine suggest that an M, receptor could mediate the depression of EPSP and blockade of ZM. In contrast, the depolarization and the blockade of the AHP, insensitive to gallamine and blocked by 0.3 PM of PZ, are probably mediated by M, receptors.
Is a G-protein involved in the muscarinic action in the hippocampus? Various muscarinic effects are linked to the activation of a G-protein in different tissues. To test the possibility that a G-protein may mediate the muscarinic responses in the hip- pocampus, we performed experiments in rats pretreated with PTX. PTX is able to ADP-ribosylate and inactivate the alpha subunit of a G-protein known to interact with muscarinic receptors (I&rose et al., 1983; Murayama and Ui, 1983) . Hippocampal slices were prepared from rats that had been injected 3 d prior to slicing. The effectiveness of the PTX injection was checked by testing the effect of 5-HT or baclofen on pyramidal neurons, the hyperpolarizing effect of these drugs being blocked in rats pretreated by PTX (see Andrade et al., 1986 Figure 4. Choline& effects are preserved in rats pretreated with pertussis toxin. In rats treated 3 d prior to the experiment by intracerebroventricular injection of pertussis toxin (1.5 pg), carbachol still induces the effects described in Figure 1 : in A, depolarization of the membrane associated with an increase in input resistance, and blockade of the AHP, in B, depression of the EPSP induced by afferent stimulation. Note in insert in A the lack of effect of baclofen (Buclo 30 PM) on the membrane polarization when applied in the bath, establishing the effectiveness of the pertussis toxin injection (see Andrade et al., 1986) . Membrane potential, -57 mV. that all the actions of carbachol were preserved. In cells in which EPSP clearly occurred in 8 out of 12 cells (Fig. 4) . However, in 5-HT or baclofen clearly had no hyperpolarizing action, car-5 cells that had particularly large IPSPs following the EPSP, bachol was able to depolarize the membrane (n = 10) and to possibly related to the PTX, this effect was not easy to check.
block the AHP (n = 8) (Fig. 4) . The depressant action on the Finally, voltage-clamp experiments in 7 rats indicated a clear These results make unlikely the involvement of a PTX-sensitive G-protein in muscarinic effects in hippocampal neurons.
Implication of phosphatidylinositol (PI) turnover Fisher et al. (1983 Fisher et al. ( , 1984 have classified the muscarinic agonists according to their ability to stimulate PI turnover. In their classification, oxotremorine-M (0X0-M) and carbachol are strong activators of PI turnover in various areas of the brain, including hippocampus. In contrast, arecoline, pilocarpine, and oxotremorine are only weak, partial agonists for stimulating this system. To check the possible involvement of PI turnover in the mediation of the muscarinic effects in the hippocampus, we tested the ability of these different agonists to evoke the 4 different cholinergic responses.
First, we found that the 2 categories of agonists produced a similar depolarization of the membrane potential, blockade of the AHP, and depression of the EPSP. This is shown in Figure  6 for carbachol and oxotremorine, which have markedly different potencies in stimulating PI turnover. Thus, the 2 classes of agonists cannot discriminate among these muscarinic responses.
In striking contrast, the M-current was strongly and reproducibly blocked by carbachol (n = 25) and 0X0-M (n = 13) at 20 PM but was little affected by the same concentration of the weak agonists pilocarpine (n = 8), arecoline (n = 5), and oxotremorine (n = 8) (see Table 2 ). Figures 7 and 8 present 2 examples of the action of a weak and a strong agonist applied on the same cell. Moreover, in agreement with biochemical results on PI turnover (Fisher et al., 1983 (Fisher et al., , 1984 , oxotremorine, a weak agonist for stimulating PI turnover, could antagonize the effects of a strong agonist, 0X0-M, in suppressing the M-current (Fig. 8) . The differential effect of these cholinergic agonists, which closely parallels the biochemical results, clearly implicates the PI cycle in the cholinergic suppression of the M-current. We next examined which of the 2 main products resulting from PI turnover, diacylglycerol and inositol trisphosphate, might be involved in this effect.
Is activation of protein kinase C involved in the blockade of the M-current?
The effect of phorbol esters, which directly activate protein kinase C (Castagna et al., 1982; Nishizuka, 1986) were examined on pyramidal neurons. In agreement with previous reports (Ba- Malenka et al., 1986) , activation of protein kinase C by phorbol esters mimicked the effect of carbachol in blocking the AHP (Fig. 9A2) . In contrast, phorbol esters had no consistent effects on the suppression of the M-current (n = 9; Fig. 9AI ) and increased, rather than decreased, the EPSP. Moreover, after a long period of incubation of the slice in phorbol esters, application of 0X0-M or carbachol still reversibly depressed the M-current (Fig. 9B2) , although in 3 out of the 4 cells examined the blockade was incomplete. These results strongly suggest that protein kinase C and DG do not serve as intracellular messengers for the muscarinic effect on depression of the M-current and EPSP. The blockade of the AHP by phorbol esters is not entirely consistent with the observation that weak agonists for PI stimulation are also able to block the AHP. This point will be discussed later.
Possible involvement of IP, To evaluate the possibility of IP, involvement in some of the cholinergic mechanisms described above, we performed experiments using a single-electrode voltage-clamp with electrodes filled with IP, (20-60 mM in KCl). We examined for possible effects of IP, over time as it diffused into the cell. During a 10 min period after penetrating a cell the M-current was progressively depressed [average depression, 74% (f 14); y1 = 14; Fig. 1 OA]. In contrast, the Q-current, an anomalously rectifying current elicited by hyperpolarizing steps from hyperpolarized potentials (-65 to -75 mv) was unchanged (Fig. 10B) . The reduction in M-current, evoked by 12-15 mV hyperpolarizing pulses from a holding potential of -35 to -45 mV, was associated with an inward shift in the holding current (average, 400 f 76 pA; n = 14) and a decrease in the instantaneous conductance (2 1 + 14%; Fig. 10 ). In contrast, it was always possible to record an AHP current. These data can be compared with the data obtained after application of carbachol or 0X0-M, respectively: 95% (+ 12) and 97% (+6) of depression of the M-current (see Table 2 ), 486 + 56 pA and 465 f 62 pA of inward shift in the holding current, and 27% (&20) and 26% (? 16) of decrease in the instantaneous conductance. Finally, we tested whether the effect of muscarinic agonists on the suppression of the M-current could be due to an indirect effect through mobilization of intracellular calcium secondary to the action of IP,. For this purpose, we buffered intracellular calcium by applying calcium chelators EGTA (200 mM in 3 M KC1; n = 6) or BAPTA (200 mM in 3 M KCl; n = 3) into the cells. These compounds were applied into the cells by diffusion from the recording electrodes. In these conditions, the AHP current was abolished 5 min after impalement, but carbachol and 0X0-M were still able to fully suppress the M-current ( . Phorbol esters do not block the M-current. A, The cell was held in voltage clamp (Al) at a potential of -40 mV and stepped to -55 mV to elicit the M-current. TTX had been added to the bath. A2. The AHP from the same cell was recorded in current clamn. Phorbol 12.13-diacetate (PDAc), 5 PM, was applied continuously by superfusion through the bath (arrow). Thirty minutes after the beginning 0% the superfusion, it was still possible to elicit the M-current from the same holding potential (-40 mV). In contrast, the slow AHP had been abolished. Increasing the concentration of PDAc (10 PM) did not suppress the M-current recorded 20 min after the beginning of the perfusion. Resting membrane potential, -55 mV. B, Another cell recorded in voltage clamp was superfused with phorbol 12,13-diacetate, 10 PM. Twenty minutes after the beginning of the superfusion, the AHP current was abolished @lb). The M-current was then elicited (B2) by a 1 set 13 mV hyperpolarizing pulse from a holding potential of -38 mV. The M-current was still present, and it was possible to reversibly suppress it by application of 0X0-$I: The duration of the application is indicated by the bar. Resting membrane potential, -68 mV. Time, voltage, and current calibrations in AI apply to B2; the time calibration in A2 applies to Bl, and the current calibration in AI applies to Bl. 11). These results suggested that a rise in intracellular calcium might not be necessary for the muscarinic blockade of the M-current. In summary, cholinergic responses can be differentiated into at least 2 effects in terms of PI turnover: (1) the AHP, which is blocked by activation of protein kinase C, and (2) the M-current, which is depressed by increasing the intracellular concentration of IP,. [The first result is not entirely in accord with results concerning the 2 classes of cholinergic agonists (see Discussion).] Discussion Classification of M,-M, Our results show that gallamine is able to discriminate between the different choline& responses. Gallamine is able to produce an almost total antagonism of the blockade of the M-current and of the depression of the EPSP. In contrast, this antagonist, specific for M, receptors, had little effect on the membrane depolarization and the blockade of the AHP by cholinergic agonists. On the other hand, we were unable to clearly differentiate among any of the choline& responses with pirenzepine, an M, antagonist. These results differ to some extent from those of Muller and Misgeld (1986) , who found that pirenzepine blocked the cholinergic depolarization but not the AHPs. They also differ from the results on olfactory cortex neurons of Constanti and Sim (1987b) , who reported that gallamine prevents the muscarinic blockade of the AHP. However, our results showing that gallamine antagonizes the cholinergic blockade of the M-current are in accord with those of Constanti and Sim (1987a) . From our results we conclude that the depolarization and the blockade of the AHPs by low concentrations of carbachol are likely to be mediated by M, receptors, while the blockade of the M-current and presynaptic inhibition of EPSPs are likely to be mediated by M, receptors. The M, nature for the presynaptic muscarinic receptors has been demonstrated in other systems. For example, the muscarinic receptors located on cholinergic terminals in the cerebral cortex appear to be of the M, type: Indeed, the release of ACh from cholinergic terminals is modulated by M,, but not by M,, agonists and antagonists (Meyer and Otero, 1985) . Furthermore, there is a decrease in M, receptor numbers in cerebral cortex following destruction of the cholinergic afferent pathway (Mash et al., 1985) . i n Hippocampus Resting membrane potential, -57 mV. The calibration in A also applies to B. I----
Classification in terms of coupling with a biochemical eff ector system Involvement of a G-protein G-proteins have been shown to be involved in coupling muscarinic receptors to K+ channels in the heart (Breitwieser and Szabo, 1985; Pfaffinger et al., 1985) and to phospholipase in Xenopus oocytes (Dascal et al., 1986) . In addition, G-proteins are known to couple receptors to ion channels in hippocampal pyramidal cells (Andrade et al., 1986) . However, the muscarinic effects in hippocampus do not appear to involve a PTX-sensitive G-protein. Our experiments clearly show that in rats pretreated with PTX in which GABA, and 5-HT responses are completely blocked, the muscarinic responses persist; it is still possible to induce membrane depolarization, depression of the EPSP, and A R blockade of the AHP and of the M-current. Thus, it is unlikely that a PTX-sensitive G-protein (G, or G,) is required for any of the muscarinic responses, but it is still possible that other GTP regulatory proteins, as yet unidentified and insensitive to PTX, are involved, as already suggested in cardiac cells (BrownMasters et al., 1985) .
Stimulation of PI turnover Muscarinic agonists have long been known to stimulate PI tumover in the brain, but only recently has the differential potency of these agonists been demonstrated in the brain (Fisher et al., 1983 (Fisher et al., , 1984 Brown et al., 1984; Jacobson et al., 1985) . Agonists known to be fully effective for stimulating PI turnover strongly block I, (oxotremorine-M, carbachol). On the other hand, poor agonists for stimulating PI turnover (arecoline, pilocarpine, and oxotremorine) are unable to depress I,. These results suggest a role for PI turnover in the muscarinic suppression of the M-current. The lack of effect of weak agonists on the blockade of I, has previously been described in bullfrog sympathetic neurons and in olfactory cortical neurons (Constanti and Sim, 1987b ), but no correlation had been shown with the PI system. In contrast to the results obtained on I,, cholinergic agonists did not discriminate between the depolarizing responses, blockade of the AHP, or depression of the EPSP. The fact that the weak agonists for stimulating PI turnover depolarize the membrane and block the AHP to the same extent as the strong agonists (even at low concentrations) could be explained in 2 ways. One possible interpretation is that relatively low levels of DG generated by muscarinic receptor activation are sufficient to activate enough PKC to block the slow AHP, while relatively larger amounts of IP,, also generated by PI turnover, block the M-current. Alternatively, it is possible that the blockade of the slow AHP by ACh is not mediated by PI turnover but by some other intracellular messenger and that only the M-current blockade is mediated by PI turnover. The finding that agonists such as oxotremorine, pilocarpine, or arecoline, which have no effect on I,, had nearly the same potency in depolarizing pyramidal neurons as carbachol or 0X0-M, which blocked I,, indicates that the slow cholinergic depolarization of these neurons is not linked principally to the blockade of I, (see Madison et al., 1987) .
Our pharmacological studies suggest that the suppression of the M-current is linked to the activation of PI turnover. We have found, in agreement with a previous report (Malenka et al., 1986) , that phorbol esters and the subsequent activation of protein kinase C have no consistent effect on the M-current. In contrast, IP, was able to reduce this current. These results raise the possibility that the muscarinic blockade of I, is mediated by an increase in the intracellular concentration of IP, or one of its metabolites, subsequent to the stimulation of PI turnover. Different conclusions have been reached in frog sympathetic ganglion cells (Brown and Adams, 1987; Pfaffinger et al., 1988) and the neuroblastoma-glioma hybrid cell line (Brown and Higashida, 1988) , in which phorbol esters have been found to reduce I, by 50% and IP, appears to have little effect on I,. This raises the possibility that different mechanisms may be involved in blocking I, in different cell types.
Biochemical data have suggested that IP, is a potential second messenger (Berridge, 1984) . One of its principal actions is to release calcium from intracellular stores (Berridge and Irvine, 1984) , but IP, may also have other cellular functions by itself (Swilem et al., 1986) or through its metabolites, including the dephosphorylated derivatives IP, and IP, or the phosphorylated derivative IP, (Irvine and Moor, 1986; Houslay, 1987) .
The effect of IP, as an inducer of Ca-release has been demonstrated in various non-neuronal cell types (reviewed by Abdel-Latif, 1986 ). Our results show that the suppression of the M-current by muscarinic agonists occurs even in neurons where intracellular calcium has been chelated (using BAPTA-or EGTAfilled electrodes). This suggests that the blockade of the M-current by muscarinic agonists may not require a rise in intracellular calcium. However, for technical reasons it has not been possible to study the effect of calcium chelators directly on the action of IP,. These experiments could be realized only in preparations allowing the placement of 2 electrodes in the same cell.
It is possible that IP, could act directly on potassium channels in inducing their closure. Recent results have led to the conclusion that some actions of IP, do not involve the mobilization of calcium (Kuno and Gardner, 1987) . It has been found in adrenal chromaffin cells that the release of IP, induced by muscarinic agonist stimulation occurred without modification of the intracellular calcium level (Swilem et al., 1986) .
Numerous biochemical studies have attempted to relate muscarinic subtypes to specific second-messenger systems, but no clear consensus has emerged. For instance, some reports have proposed that M, receptors may act principally by inhibiting adenylate cyclase, whereas M, receptors would be linked to PI turnover (Watson et al., 1984; Gil and Wolfe, 1985) . However, other investigations suggest that both types of muscarinic receptors are involved in PI stimulation (Lazareno et al., 1985; Fisher and Agranoff, 1987) . The results presented in this paper do not present an evident correlation between receptor subtypes and second-messenger systems.
